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Synthesis of the Anhydrides ofa-Aminoacyl Glucosamines, 
By Chakles Weizmann and Aethur Hopwood. 

(Communicated by Dr. A. Harden, F.E.S. Keceived April 5, — Eead 

June 19, 1913.) 

The behaviour of the albumin glucosides and the mucus bodies known as 
mucins, mucinogens, mucoids, and hyalogens, on hydrolysis suggests the 
probability that these complex proteins would bear the same relation to the 
condensation products of the sugars or the amino-sugars with the amino-acids 
as the simpler proteins bear to the polypeptides. Consequently, the authors 
decided two years ago to make a start in the synthesis of the glucoproteins by 
preparing the condensation products of glucosamine with the amino-aliphatic 
acids, in order that their properties and behaviour towards ferments could be 
ascertained and compared with those of the degradation products of the 
glucoproteins and thereby throw some light on the constitution of these 
complex and important organic bodies. 

After many failures, the method of synthesis which we eventually adopted 
for the condensation of glucosamine with amino-aliphatic acids was somewhat 
similar to one of the methods employed by Emil Fischer and his co-workers* 
in the synthesis of the polypeptides. In brief, the method consists in 
condensing a-bromoacyl haloids with glucosamine hydrochloride in the 
presence of sodium hydroxide, and then displacing the halogen in the resulting 
a-bromoacyl glucosamines by an amino-group through the action of cold 
aqueous ammonia, viz. : — 

a-Bromoacyl Haloid -\- Glucosamine Hydrochloride. 



sodium 



^> 



hydroxide. 



a-Bromoacyl Glucosamine. 



aqueous 



ammonia. 



Anhydride of a-Aminoacyl Glucosamine. 

Numerous difficulties were encountered in carrying out these changes. In 
coupling the a-bromoacyl haloids with glucosamine hydrochloride in the 
presence of sodium hydroxide, it was found that good yields were obtained 
only when molecular proportions of the reacting substances were employed 
and when the mixture was vigorously shaken and maintained about the 
temperature of melting ice. Further, in the subsequent treatment of the 
a-bromoacyl glucosamines with aqueous ammonia, the temperature had also 

* * Ber.,' 1903, vol. 36, p. 2982, et seq. 
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to be kept low both during the interaction of the bodies and the subsequent 
evaporation under reduced pressure, otherwise much decomposition took place 
and sticky brown masses resulted. 

It should be observed here that when molecular proportions of ot-bromoacyl 
haloids and glucosamine hydrochloride are condensed together in the presence 
of cold alkali hydroxide, the whole of the bromoacyl group of the substituted 
acid chloride appears to unite with the amino-group and none with the 
hydroxyl groups of glucosamine. This is shown by the fact that the con- 
densation product made from molecular proportions of a-bromolauryl chloride 
and glucosamine hydrochloride in the presence of normal sodium hydroxide is 
practically insoluble in dilute or concentrated hydrochloric acid, an almost 
conclusive proof that only the amino-group present in glucosamine is attacked 
when the condensation process is carried out under the above conditions. 
Moreover, this view is also supported by the analogous behaviour of the 
a-bromoacyl haloids towards serine, isoserine, tyrosin, and other hydroxyamino- 
acids in the presence of alkali hydroxides.* 

It should also be noted that when the e%-bromoacyl glucosamines interact 
with cold aqueous ammonia, they do not yield the expected a-aminoacyl 
glucosamines but the anhydrides of a-aminoacyl glucosamines. The action 
appears to consist in the replacement of the bromine atom in one molecule of 
the ce-bromoacyl glucosamines for an amino-group, and the simultaneous or 
subsequent withdrawal of the elements of water. The analyses of the products 
formed by the action of ammonium hydroxide on a-bromopropionyl glucosa- 
mine and a-bromoisohexoyl glucosamine demand this conclusion. Moreover, 
it seems that whenever ammonia or alkalies act upon glucose or its derivatives 
the change which takes place is generally accompanied by the loss of a 
molecule of water.f 

In concluding this introduction, we should state that since we published a 
preliminary note on the condensation of a-bromoacyl haloids with glucosamine^ 
we JBind that other chemists have also been working simultaneously on the 
derivatives of glucosamine with a view to developing the synthetic chemistry 
of the glucoproteins.§ We should like to state that we are experimenting 
from an entirely diflferent point of view, and no overlapping has so far 



^ Of. E. Fischer, 'Ber,,' 1904, vol. 37, pp. 2486-2571 ; iUd.y 1907, vol. 40, pp. 3704- 
3717 ; E. Fisclier and W. F. Koelker, 'Ann.,' 1905, vol. 340, pp. 180-190; E. Fischer 
and H. Eoesner, 'Ann.,' 1910, vol. 375, pp. 199-206. 

t Cf. Lobry de Bruyn, 'Ber.,' 1895, vol. 28, p. 3082 ; Emil Fischer and Karl Zack, 
' Ber.,' 1912, vol. 45, pp. 456-465, 2068-2074. 

{ Cf, A. Hopwood and C. Welzmann, 'Chem. Soc. Proc.,' 1912, vol. 28, p. 261. 

§ Cf. J. C. Irvine and A. Hynd, 'Trans. Chem. Soc.,' 1913, vol. 103, pp. 41-46. 
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taken place either in the methods adopted or in the products obtained by 
synthesis. 

u-Bromopropionyl Glucosamine, CHs'CHBr'CO'NH'CeHnOs. 

a-Bromopropionyl glucosamine is prepared by the condensation of 
a-bromopropionyl bromide and glucosamine hydrochloride in cold alkaline 
solution. For this purpose, 4 grm. of «-bromopropionyl bromide (1 mol.) and 
18*6 c.c. of N sodium hydroxide (1 mol.) are added gradually and alternately, 
with vigorous shaking after each addition, to a well-cooled solution 
containing 4 grm. of glucosamine hydrochloride (1 mol.) dissolved in 
18'6 c.c. of N sodium hydroxide (1 mol.). There is much frothing and 
a colourless precipitate separates out immediately after the condensation 
begins to take place. The mixture is kept cool for about two hours by 
surrounding the containing vessel with melting ice, and when the odour of 
a-bromopropionyl bromide has disappeared a slight excess of concentrated, 
hydrochloric acid is added. After standing for about 30 minutes, the impure 
a-bromopropionyl glucosamine is collected, washed with a little cold water, 
and dried in air on a porous plate. A further crop of crystals is obtained 
by evaporating the mother liquor at ordinary temperatures, which like the 
former are purified by recrystallisation from hot absolute alcohol. Total 
yield, 4*1 grm. 

a-Bromopropionyl glucosamine crystallises from alcohol in colourless 
prismatic needles which melt and decompose at 200-201° when slowly 
heated, and at 210-211° when quickly heated, yielding a black liquid. The 
crystals are readily soluble in hot and moderately soluble in cold water. 
They are readily soluble in dilute alcohol (50 per cent.), but are difficultly 
soluble in cold and only moderately soluble in hot absolute alcohol. They 
are insoluble in ether, but dissolve instantly in cold ammonia or alkali 
hydroxides, forming yellow solutions. The warm aqueous solution of 
od-bromopropionyl glucosamine readily reduces alkaline copper solutions, 
yielding red copper oxide, or ammonio- silver nitrate solution, giving a silver 
mirror ; but when an aqueous solution of the bromide is shaken and warmed 
for two hours with a little more than one molecular proportion of either 
semicarbazide hydrochloride dissolved in excess of sodium acetate solution 
or phenyl hydrazine dissolved in dilute acetic acid no semicarbazone or 
phenylhydrazone is formed, and the resulting solutions on evaporation under 
reduced pressure yield most of the original bromide unchanged. 

0-6201 gave 241 c.c. Ns at 14-0° C. and 751 mm. N = 4-57. 
0-1793 „ 0-1073 AgBr. Br = 25*47. 

CoHieOeNBr requires N = 4*46 ; Br = 25-45 per cent. 
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Alanyl Ghtcosamine Anhydride, C9H16O5N2. 

Alanyl glucosamine anhydride is prepared by the action of cold anamonium 
hydroxide on ^t-bromopropionyl glucosamine. For this purpose 1 grm. of 
a-bromopropionyl glucosamine is mixed with excess of concentrated aqueous 
ammonia in a pressure bottle and then shaken for five days at the ordinary 
temperatures of the laboratory. The resulting solution is evaporated whilst 
cold in a vacuum desiccator over concentrated sulphuric acid until crystals 
of impure alanyl glucosamine anhydride separate out, which are then 
collected and washed with cold absolute alcohol in order to remove brown 
decomposition products. Further crops of crystals are obtained by 
evaporating the aqueous mother liquor and the alcoholic washings at 
ordinary temperatures under reduced pressure. The crude products are 
then dissolved in hot water and boiled with animal charcoal until the 
solution becomes colourless. On coohng, alanyl glucosamine anhydride 
separates from the aqueous solution in colourless prismatic needles, which 
are further purified by recrystallisation from hot water. Yield, 0*3 grm. 

Alanyl glucosamine anhydride when heated quickly turns pale brown at 
245-250° and melts at 269-272°, yielding a black liquid. It is moderately 
soluble in cold and readily soluble in hot water, but it is almost insoluble in 
cold and only sparingly soluble in hot absolute alcohol. On prolonged 
heating, the aqueous solution of alanyl glucosamine anhydride slowly reduces 
Fehling's solution, yielding red copper oxide, or ammonio-silver nitrate 
solution, giving a silver mirror; but when an aqueous solution of the 
anhydride is shaken and warmed for two hours with a little more than one 
molecular proportion of either phenyl hydrazine dissolved in dilute acetic 
acid, or semicarbazide hydrochloride dissolved in excess of sodium acetate 
solution, no phenyl hydrazone or semicarbazone is formed, and the resulting 
solutions on evaporation to crystallisation under reduced pressure yield 
most of the original anhydride unaltered. As a primary amine, the 
anhydride is readily soluble in dilute or concentrated hydrochloric acid, 
and when heated with alcoholic potash and chloroform yields an unpleasant 
carbylaniine odour ; but when an aqueous solution of the anhydride is 
mixed with an aqueous solution of picric acid and afterwards evaporated 
to crystallisation under reduced pressure no picrate is formed and most of 
the original anhydride crystallises out unchanged. 

0-1194 gave 0-2041 CO2 and 0'0694 H^O. C = 46'61 ; H = 6'50. 
0-1322 „ 13-8 c.c. ISFs at 14*2° C. and 752 mm. N == 12-27. 
CeHieOsKB requires C = 46'51 ; H = 6*94 ; N" = 12*07 per cent. 
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a-Bromoisohexoyl Glucosamine, CHMe2'CH2'CHBr'CO*NH'C6Hii05. 

Four grammes of glucosamine hydrochloride (1 mol.) dissolved in 18*6 c.o, of 
N sodium hydroxide (1 moL), when treated with 4*8 grm. of a-bromoisohexoyl 
bromide (1 mol.) and 18*6 c.c. of N sodium hydroxide (1 mol.) in the same 
way as previously described for a-bromopropionyl glucosamine, and afterwards 
acidified with hydrochloric acid,yield 6'5grm. of a-bromoisohexoyl glucosamine. 
The product crystallises from absolute alcohol in colourless rhombic plates 
melting and decomposing when heated quickly at 178-181°, and crystallises 
from water in colourless prismatic needles, melting when heated quickly at 
192-195°, yielding a black liquid. The crystals are slightly soluble in 
cold, and readily so in hot, water or alcohol, either of these liquids being 
suitable solvents for purifying the solid by crystallisation. They are 
insoluble in ether, but dissolve slowly in cold ammonia or alkali hydroxides, 
yielding yellow solutions. The warm aqueous solution of ^-bromoisohexoyl 
glucosamine readily reduces alkaline copper solutions, yielding red copper 
oxide, or ammonio-silver nitrate solution, giving a silver mirror ; but, like 
a-bromopropionyl glucosamine, does not appear to react with either phenyl 
hydrazine or semicarbazide. 

0-6189 gave 21-0 c.c. N2 at 13*8° C. and 746 mm. JST = 3-96. 
0-2240 „ 0-1175 AgBr. Br = 22-33. 

Ci2H2206lsrBr requires N = 3*93 ; Br = 22*45 per cent. 



Leiicyl Glucosamine Anhydride, 012112205^2. 

One gramme of a-bromoisohexoyl glucosamine, when treated with concen- 
trated aqueous ammonia in the same w^ay as described for a-bromopropionyl 
glucosamine, yields 0-25 grm. of leucyl glucosamine anhydride, which crystal- 
lises from water in colourless prismatic needles. When quickly heated, it 
sinters about 205° and melts at 213-215° yielding a brownish black liquid. 
It is moderately soluble in cold, and readily soluble in hot, water, but it is 
difficultly soluble in cold, and only slightly soluble in hot, absolute alcohol. 
On prolonged heating, the aqueous solution of leucyl glucosamine anhydride 
slowly reduces Fehling's solution, yielding red cuprous oxide, or ammonio- 
silver nitrate solution, giving a silver mirror, but, like alanyl glucosamine 
anhydride, does not appear to react with either phenyl hydrazine or semi- 
carbazide. The anhydride is readily soluble in dilute or concentrated 
hydrochloric acid, and, when heated with alcoholic potash and chloroform, 
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yields an obnoxious carbylamine odour, but, like alanyl glucosamine 
anhydride, does not appear to unite with picric acid. 

0-2193 gave 0'4217 CO2 and 01492 H^O. C = 52-44; H = 7-62. 
0-1905 „ 16-0 c.c. N2 at 13-8° C. and 761 mm. N = 10-01. 
C12H22O5H2 requires C = 62-52 ; H = 8-09 ; N = 10-22 per cent. 

a-Bromolauryl Glucosamme, CiiH22Br-CO-]S'H-C6Hii05. 

Four grammes of glucosamine hydrochloride (1 mol.) dissolved in 18*6 c.c. 
of N" sodium hydroxide (1 mol.), when treated with 5*6 grm. of ^-bromo- 
lauryl chloride (1 mol.) and 18*6 c.c. of N sodium hydroxide (1 mol.) in the 
same way as previously described for a-bromopropionyl glucosamine, and 
afterwards acidified with hydrochloric acid, yields 7*6 grm. of a-bromolau.ryI 
glucosamine. The product crystallises from hot absolute alcohol in colourless 
rhombic plates, which, when heated quickly, turn brown at 183-186°, and 
melt with frothing at 194-196°, yielding a dark brown liquid. The crystals 
are insoluble in hot or cold water, but moderately soluble in hot absolute 
alcohol. They are insoluble in ether and almost insoluble in concentrated 
ammonium hydroxide, but they dissolve in hot solutions of sodium or 
potassium hydroxide, with evolution of ammonia and formation of brown 
solutions. The crystals are insoluble in dilute hydrochloric acid, and only 
slightly soluble in hot concentrated hydrochloric acid, showing that the 
amino-group, and not the hydroxyl groups of glucosamine, has been attacked 
during the condensation. Like the other a-bromoacyl glucosamines, it 
readily reduces hot alkaline copper solutions, yielding red cuprous oxide, or 
ammonio-silver nitrate solution, giving a silver mirror. 

0-5855 gave 16*8 c.c. N2 at 12-0° C. and 747 mm. N = 3*38. 
0-2055 „ 0-0885 AgBr. Br = 18-32. 

Ci8H3406lSrBr requires K" = 3*18 ; Br = 18-15 per cent. 

a-AminolauTifl Glucosamme Anhydride, Oi8H,3405lsr2. 

Owing to the insolubility of ^e-bromolauryl glucosamine in ether or in 
aqueous ammonia, the preparation of the anhydride of a-aminolauryl 
glucosamine is a process of considerable difficulty. One gramme of ^e-bromo- 
lauryl glucosamine and 500 c.c. of concentrated aqueous ammonia when 
shaken for 14 days at ordinary temperatures, or allowed to stand for one year 
at ordinary temperatures, or heated for four hours at 100° C. in a pressure 
bottle, yield a soapy emulsion, but only a very small quantity of the bromide 
goes into solution, and almost all of it is recovered unchanged on filtration. 
The brown ammoniacal solutions on evaporation to dryness under reduced 
pressure left small brown residues, which on being washed with absolute 
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alcohol yielded colourless crystals, but too small in quantity to establish 
their composition and properties, though obviously the anhydride of a-amino- 
lauryl glucosamine. 

Constikction of the a-Bromoacyl Ghtcosamines and tlie AnhychHdes of 

ct'Aminoacyl Glucosamines, 

The analyses and properties of the a-bromoacyl glucosamines are in strict 
accordance with their representation by aldehydic or .glucosidic formulae 

similar to those generally adopted lor glucosamine,** viz, : — 

H 



0H'CH2-C— C— C— C-CHO or OH-CHa-C— C— 0— C CH-OH (« or /9) 



DTT OTT TT TvrTTA(> OTT 



H NHAc 

0-- — 



where Ac is a bromoacyl group of elements. 

The representation of the anhydrides of ^-aminoaoyl glucosamines by con- 
stitutional formulae is, however, a more difficult matter, inasmuch as no 
satisfactory explanation has yet been given of the much simpler anhydrides 
formed by the action of ammonia or alkalies on glucose and its derivatives.f 
It is a matter of conjecture to state from what part of the molecules the 
elements of water are abstracted when the a-bromoacyl glucosamines react 
with aqueous ammonia. The feebly basic and slightly reducing properties of 
the anhydrides of a-aminoacyl glucosamines may be explained by assuming 
that the elements of water are withdrawn between the amino- and the 
aldehydic groups with the consequent formation of a linkage between them, 
which linkage is only broken by the prolonged action of hot alkaline copper 
solutions. But, on the other hand, as the elements of water seem to dis- 
appear so often when glucose and its derivatives react with ammonia or 
alkalies, it is more probable that when a molecule of an se-bromoacyl glucos- 
amine interacts with aqueous ammonia a molecule of water is abstracted 
from the glucose portion of the molecule in much the same way as in other 
anhydro-derivatives of glucose. We mean to continue further this investi- 
gation. 

In conclusion we desire to express our thanks to the , Eesearch Fund 
Committee of the Chemical Society for a grant which defrayed the greater 
part of the cost of this investigation. 

^- Cf J. 0. Irvine and A. Hynd, 'Trans. Chem. Soc.,' 1912, vol. 101, p. 1128. 

f Of. J. C. Irvine, R. F. Thomson, and 0. S. Garrett, 'Trans. Chem. Soc.,' 1913, 
vol. 103, pp. 238-^249; E. Fischer and K Zack, *Ber.,' 1912, vol. 45, pp. 456-465 
2068-2074. 
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